I claim: 



CLAIMS 



X A cryosurgical instrument for ablation of endocardiac tissue, comprising: 
a source of a gaseous primary refrigerant, said source providing s£iid primary 
\;efiigerant at a temperature above the critical temperature of said primary 
r^erant; 

a source of a aquid secondary refrigerant, said secondary refrigerant having a critical 

temperature higher than said critical temperature of said primary refrigerant; 
a secondary expansion element connected to receive said liquid secondary 
refrigerant, saki secondary expansion element being constructed to vaporize 
and expand saioysecondary refrigerant to a temperature below said critical 
temperature of saicrorimary refrigerant; 
a primary-to-secondary heat>^changer having a primary refrigerant flow path 
connected to receive saui gaseousnrimary refrigerant, and a secondary 
refrigerant flow path conriected to feceive said vaporized and expanded 
secondary refrigerant from saia\secOTKiary expansiwijelement, said heat 
exchanger being constructed to cooLam lique^^said primary refrigerant; 
a primary expansion element connected to recdve said liquid primary refrigerant 
from said heat exchanger, said primary exp^sion element being constructed 
to vaporize and expand said primary refrigq'ant to a selected cryogenic 
temperature; and \ 
a cryoablation heat transfer element connected to receive said vaporized and 
expanded primary refrigerant. \ 

2. A cryosurgical instrument as recited in claim 1, further comprising a flexible 
coaxial catheter connected at a proximal end to said primary-to-secondary heat exchanger, 
said coaxial catheter having an outer low pressure tube and an inner high pressure\tube, said 
primary expansion element and said heat transfer element being located near a dist£^end of 
said flexible catheter. 



1 3u A cryosurgical instrument as recited in claim 2, wherein: 

2 said outer tube of said coaxial catheter is constructed of pebax polymer; and 

3 saidVrmer tube of said coaxial catheter is constructed of polyimide polymer. 

1 4. A cn^osurgical instrument as recited in claim 1, further comprising a 

2 compressor unit connfed;ed to receive said gaseous secondary refrigerant from said heat 

3 exchanger and to repres^ize, liquefy, and return said secondary refrigerant to said 

4 secondary expansion element. \ 

1 5. A cryosurgical instrtunent as recited in claim 1, further comprising a vent 

2 path connected to receive said gaseous secondary refrigerant from said heat exchanger. 

1 6. A cryosurgical instrufnem 1, further comprising a 

2 compressor unit connected to collect said gMeous primary refrigerant returning from said 

3 heat transfer element. V^_^X \ 

1 7, A cryosurgical instrument as recited^in claim 1, further comprising a vent 

2 path connected to receive said gaseous primary refrigeWt returning from said heat transfer 

3 element. \ 

1 8. A cryosurgical instrument as recited in clarm 1, wherein said primary 

2 refrigerant has a critical temperature below about 22^ C, and saiV^condary refrigerant has a 

3 critical temperature above about 22° C. \ 



1 9. A cryosurgicaHinstniiTient^a^^ in claim 1, wherein said primary 

refrigerant comprises SUVA-95, and said secondary refiigeiant comprises AZ-20. 
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A cryosurgical instrument for ablation of endocardiac tissue, comprising: 
a\o^ce of a gaseous primary refrigerant, said source providing said primary 
^frigerant at a temperature above the critical temperature of said primary 
r^fkmerant; 

a compres^9i\unit constructed to provide a liquid secondary refrigerant, said 
secondary'ljrfrigerant having a critical temperature higher than said critical 
temperature op^id primary refrigerant; 

a secondary expansionXelement connected to receive said liquid secondary 
refrigerant, said secippdary expansion element being constructed to vaporize 
and expand said secondary refrigerant to a temperature below said critical 
temperature of said primary refrigerant; 

a primary-to-secondary heat exchanger having a primary refrigerant flow path 
connected to receive said g^eous primary refrigerant, and a secondary 
refrigerant flow path connectearto- receive said vaporized and expanded 
secondary refrigerant from said secOTidary expansion element, said heat 



exchanger being constructed to cool an> 



Iquefy said primary refrigerant; 



a secondary refrigerant return path connected io\receive said gaseous secondary 
refrigerant retuming from said heat exchari^^and to conduct said gaseous 
secondary refrigerant to ^ inlet of^md compressor unit; 

a primary expansion element connected to receive saidyliquid primary refrigerant 
from said heat exchanger, said primary expansion element being constructed 
to vaporize and expand said primary refrigerant toya selected cryogenic 
temperature; ^ 

a cryoablation heat transfer element connected to receive sal^ vaporized and 
expanded primary refrigerant; 

a flexible coaxial catheter cormected at a proximal end to said primary^-secondary 
heat exchanger, said coaxial catheter having an outer low pressurVtube and 
an inner high pressure tube, said primary expansion element and sai^ heat 
transfer element being located near a distal end of said flexible catheter; 
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30 A vent path connected to receive said gaseous primary refrigerant returning from said 

3 1 \ heat transfer element. 

1 1 1 . \ A method for cooUng a cryoprobe cold tip for ablation of endocardiac tissue, 

2 said method comprising: 

3 providing^ a gaseous primary refrigerant at a temperature above the critical 

4 tem^ature of said primary refrigerant; 

5 providing a liquid secondary refrigerant, said secondary refrigerant having a critical 

6 temperaturkhigher than said critical temperature of said primary refrigerant; 

7 providing a primary-tp-secondary heat exchanger having a primary refrigerant flow 

8 path and a secondary refrigerant flow path; 

9 flowing said gaseous primary refrigerant through said primary refrigerant flow path 

1 0 of said heat exchanger; 

1 1 flowing said liquid secondarysrefrigerant through a secondary expansion element to 

12 thereby vaporize and ^a)and said secondary refrigerant to a temperature 

13 below said critical temperature of said primary refrigerant; 

14 flowing said vaporized and ^pano^d secondary refrigerant from said secondary 

1 5 expansion element through saioSsecondary refrigerant flow path of said heat 

1 6 exchanger to cool anc liquefy said pmnary refrigerant; 

17 flowing said liquid primary, refrigerant thrb ugb a primary expansion element to 

1 8 thereby vaporize and expand said Lrim^^^re^ cryogenic 

19 temperature; and \ / \ 

20 exposing said cold tip to said vapbriz^a and expanded primary refrigerant. 

1 1 2. A method as recited in claim 1 1 , fiirther comprising: 

2 compressing and condensing said gaseous secondary refrigerant exiting from said 

3 heat exchanger and returning said secondary refrigerant to said secondary 

4 expansion element; and \ 

5 venting said gaseous primary refrigerant exiting from said cold tip. 



12 



1 IG. A method for cryogenic ablation of endocardiac tissue, comprising: 

2 prWiding a primary refrigerant at a temperature above the critical temperature of said 

3 \ primary refrigerant; 

4 providing, a liquid secondary refrigerant having a critical temperature higher than said 

5 critical temperature of said primary refrigerant; 

6 providing a secondary expansion element, a primary-to-secondary heat exchanger, a 

7 flexible cathbter, a heat transfer element in the distal tip of said catheter, and 

8 a primary expansion element near said heat transfer element; 

9 inserting said flexible catheter into a blood vessel of a patient; 

10 directing said distal tip of saioScatheter to a desired cardiovascular location; 

11 vaporizing and expanding said secondary refrigerant, with said secondary expansion 

'O 12 element, to cool said se6™dary refiigerant to a temperature below said 

IQ / \ 

13 critical temperature of-said primary refrigerant; 

1^'^ 14 cooling and liquefying said/primary renWWnt with said vaporized and expanded 

I ^ 15 secondary refrigerant, in said primaryt^ego ndaiy hea t^changer; 

li! 16 delivering said cooled and iWefied pnp;tmy relftmerant to said primary expansion 

17 element near said distal tip of said catheter; \ 

18 vaporizing and expanding said primary refiigerant, with said primary expansion 
IJ\ \ 

Q 19 element, to fiirther cool said primary refiigerant; and 

20 cooling said heat transfer element with said vaporizedXand expanded primary 

2 1 refrigerant. \ 
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